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ABSTRACT 
In the fabrication of integrated circuits a secondary passivation layer 
serves a number of purposes. It may function as 
mechanical/environmental protection for top mentalization, as a barrier 
against mass diffusion, or perhaps, as an insulator between conductive 
regions. Whatever its purpose, it is most certain that this 
passivation layer will add to the internal mechanical stress of the 
semiconductor device. This stress opens the door for a host of 
troubles and l i mi tat ions in the f abri cation and performance of the 
device. 
It is generally known that silicon dioxide films are under a 
compressive stress of about 3 x 109 dynes/cm2.l Stoichiometric silicon 
nitride films, on the other hand, are under a greater tensile stress of 
about 8 x 109 dynes/cm2. It was then thought2, since silica films are 
compressive and silicon nitride films are tensive, a properly deposited 
"silicon oxyinitride" film would yield a zero stress film. 
It is the author's intent to briefly report how this idea arose and to 
express that the beneficial properties of a passivation layer of this 
type have not significantly degraded while serious stress complications 
were eliminated. The author will then report his results which show 
how individually varying two common integrated circuit fabrication 
parameters will affect the internal mechanical stress of the resulting 
deposited film. 
1 
INTRODUCTION 
One of the most serious problems in Silicon Integrated Circuit 
fabrication is warpage or bowing of silicon wafers during device 
processing. This processing may lead to excessive forces generated 
during the following circumstances: 
1) Strain induced by Polysilicon9,10, nitride7,8, or oxidel, 
layers deposited/grown on a silicon wafer. 
2) Thermal stress resulting from an overly large temperature 
gradient across the wafer3,4,6. 
3) Induced strains resulting from lattice mismatch due to 
diffused regions3,12. 
These stress can 'be minimized by an optimization of processing 
conditions and methods, although warpage can be observed even with the 
most careful processing. The warping of some wafers and not others 
during the same processing step and is of great interest to the silicon 
industry and the topic of many papers. However, there is still a lack 
of knowledge necessary to quantitatively predict the mechanical 
properties of silicon wafers during processing3. 
Why is warpage of silicon wafers important? First of all, warpage, or 
more fundamentally the internal stresses responsible for warped wafers, 
2 
have been known to affect the electrical characteristics of silicon 
devices. Dislocations resulting from deformation are known to cause 
excessive leakage current in processed Devices 5,13. Also, due to very 
small changes in circuit geometries, as a result of a warped wafer, 
device characteristics can be degraded.3. In addition to electrical 
complications, warped wafers causes serious processing problems. As 
one might assume, they ~are difficult to handle in most automatic 
processing equipment. Also, the generation of complex circuit patterns 
by photolithography on a warped wafer is difficult to perform due to a 
variation in the plane of focus. This pattern generation problem is 
usually solved, for wafers which are not excessively warped, by pulling 
the slice flat on a vacuum chuck. However, this introduces a problem 
that may be classified under a third category; that of mechanical 
complications. L. S. Goldmannl4 addresses the concern of the residual 
mechanical stresses a bowed wafer is subjected to as it • lS 
pressed/pulled flat. Lastly, one other mechanical complication 
attributable to internal stress is that of film cracking and/or lifting 
on silicon devicesl5. 
The above-mentioned list of device complications is a good 
representation of the problems manufacturing or design engineers will 
encounter due to the internal stresses which are inherent to the 
silicon integrated circuit technology. The solution of "pulling a 
vacuum" on a silicon wafer to fl at ten the active surface during the 
photolithographic process is simply a fix. In the late 1960's Rand and 
3 
Drum2 sought a solution - develop an insulating/passivating film whose 
internal stress was small enough to minimize device complications 
during Integrated Circuit fabrication. It is known that thermally 
grown silicon dioxide films are under an average compressive stress of 
about 5 x 109 dynes/cm2 1. It was noted by Rand and Drum that s i nee 
the stress was mostly due to differences in thermal expansion between 
silica and silicon that Si02 films deposited by various pyrolytic 
methods should show about the same stress. This had been confirmed at 
least for the SiH4 + CO2 + H2 and SiH4 + NO processes2. It was also 
known that silicon nitride films are in greater stress, 8-10 x 109 
dynes/cm2, but in tension rather than compression. Since silica films 
are in compression and silicon nitride films in tension, it would seem 
that a mixed oxide-nitride film of exactly the proper composition would 
be stress free. 
Background 
Silicon Oxynitride* (SiON) films were deposited by Rand and Drum2 at 
ssooc by the reaction of silane and nitric oxide in a nitrogen carrier. 
The composition of the film could be varied by the ratio of NO to Si02, 
while one of unity achieved replacement of nearly half the oxygen by 
nitrogen. All films were analyzed using an electron beam microprobe. 
*No particular stoichiometry is implied by the term oxynitride. 
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The stresses in the films calculated from measurements of the elastic 
bending of the substrate/film combination. 
S = I 
.... 
6 
Where: S = 
E 
1-v 
Film Stress 
12 
tR 
E = Young's Modulus of Elasticity 
v = Poissons Ratio 
T = Substrate Thickness 
t = Film thickness 
R = Radius of Curvature 
Interferometry was used to measure R with high sensitivity. 
(1) 
At this time, the author would like to define a few terms. Warpage is 
simply the twisting or bending of a wafer which was originally flat. 
The internal film stresses that cause a wafer to warp can be generated 
at any of the various processing steps necessary to manufacture 
Integrated Circuits. Bow is defined as a subset of warpage. This is a 
condition normally caused by film deposition on one side of the wafer. 
A compressive/tensive stress in this deposited film forces the silicon 
wafer into a dish configuration as illustrated in Figure 1. 
5 
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.. 
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C 
Figure I - a) Wafer on which a film was deposited 
or grown which contains no internal film stress. (wafer has no warpage) b) Wafer and film with 
convex bow (compressive film stress). c) Wafer 
and film with concave bow (tensile film stress). 
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Results of Rand and Drum 
Table I is a summary of all the stress measurements. The term 
Nn/(N0 + Nn) is the ratio of nitrogen to the non-silicon atoms. 
Table I - Summary of Stress Measurements Performed by Rand & Drum (all 
samples deposited at 8500C) 
NO/SiH4 
100 
30 
20 
15 
3 
I 
* 
0 
0.067 
0.128 
0.17 
0.33 
0.42 
1 
Atomic 
Fraction Si 
0.33 
0.34 
0.34 
0.34 
0.34 
0.38 
0.43 
*Pyrolytic Si3N4 from SiH4 + NH3 
dyne x 10-7/cm2 
104.0 
57.0 
-4.9 
-30.0 
-126.0 
-125.0 
-880.0 
As expected, the films close to Si02 in composition are under 
compressive stress. When 12 - 13% of the oxygen atoms were replaced by 
nitrogen the stress was virtually zero. Films richer in nitrogen are 
under tension. The variation of stress with composition is shown in 
Figure 2. · 
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Figure 2 - Results of Rand and Drum - Variation of 
of stress with film composition. 
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Film analysis as seen in Table I shows that the Atomic Fraction of Si 
remains at 1/3 at least up to the point where one oxygen in three has 
been replaced by nitrogen. This ratio would be higher if any Si3N4 
were present. Thus, the film is truly an oxynitride and not a mixture 
of Si02 and Si3N4. The same conclusion was reached via infrared 
spectra analysis since separate bands for Si-0 and Si-N did not appear, 
but instead only a broadened band in some intermediate position2. 
Another observation by Rand and Drum was that the sub st i tut ion of 
nitrogen for one oxygen out of three creates a film which is unable to 
be penetrated by moisture, yet its stress was only 15% that of 
Stai chi ometri c Si 3N4 films. Subsequent experiments al so showed that 
this oxynitride film is much more crack resistant than pure silicon 
nitride film. 
Results of Rand and Roberts 
Early in the 1970's Rand and Robertsl6 compared various compositions of 
silicon oxynitride films deposited from the NO +SiH4 and NO + NH3 + 
SiH4 processes. Silicon oxynitride films from the NO + NH3 + SiH4 
reaction in nitrogen at asooc are clear, amorphous dielectric films 
whose composition may be varied over the entire range between Si02 and 
Si3N4 by controlling the NH3/NO ratio. The NO + SiH4 process, on the 
other hand, is not capable of covering the entire range between Si02 
and Si3N4. 
9 
• 
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In the NO+ SiH4 process a NO over SiH4 ratio of unity would yield a 
film whose composition is approximately Si303N4 16. Further, lowering 
this reactant ratio results in codeposition of silicon because there is 
not enough oxidant to combine with all the thermally decomposing 
silane. NO (which is thermally stable at the aso0c deposition 
temperature) was chosen because whatever happens during the reaction, 
the nitrogen must go along with the oxygen if the N-0 bond is not 
broken. In either case, some nitrogen wi 11 be incorporated into th~ 
deposit. If either N20 or .N02 is used as the oxidant, oxygen is 
liberated upon heating, or can be easily abstracted by attack by 
silane, silyl radicals or atomic hydrogenl5. At any rate, the product 
of those reactions is essentially Si02 only. There are various ways to 
reach the nitride - rich oxynitride composition, most of which involve 
ammonia and an oxidant competing for the silane. Rand and Roberts like 
Rand and Drum chose nitric oxide as the oxidant in their process 
because it was the most controllable. 
In figure 3, which is part of a three component diagram, electron-
microprobe analyses of various oxynitride films are plotted. All 
points are from the SiH4 +NO+ NH3 system, which evidently can produce 
any composition between Si02 and Si3N4. In the oxygen-rich end, the 
points lie on the Si02 - Si3N4 tie-line up to a composition of Si303N2. 
This happens to be the limit of the SiH4 + NO process . 
_;# 
10 
... 
In the NO+ S1H4 process a NO over S1H4 ratio of unity would yield a 
film whose composition is approximately S1303N4 16. Further, lowering 
this reactant ratio results in codeposition of silicon because there is 
not enough oxidant to combine with all the thermally decOllll)osing 
silane. NO (which is thermally stable at the asooc deposition 
temperature) was chosen because whatever happens during the reaction, 
the nitrogen must go along with the oxygen if the N-0 bond is not 
broken. In either case, some nitrogen will be incorporated into the 
deposit. If either N20 or N02 is used as the oxidant, oxygen is 
liberated upon heating, or can be easily abstracted by attack by 
silane, silyl radicals or atomic hydrogenlS. At any rate, the product 
of those reactions is essentially Si02 only. There are various ways to 
reach the nitri1de - rich oxynitride composition, most of which involve 
ammonia and an oxidant competing for the silane. Rand and Roberts like 
Rand and Drum chose nitric oxide as the oxidant in their process 
because it was the most controllable. 
In figure 3, which is part of a three component diagram, electron-
· microprobe analyses of various oxynitride films are plotted. All 
points are from the SiH4 +NO+ NH3 system, which evidently can produce 
any composition between Si02 and Si3N4. In the oxygen-rich end, the 
points lie on the Si02 - Si3N4 tie-line up to a composition of Si303Nz. 
This happens to be the limit of the SiH4 + NO process. 
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Figure 3 - Microprobe analyses of silicon oxynitride 
from the SiH4 +NO+ NH3 reaction. The 
tieline (solid) represents stoichiometric 
oxynitride and the dashed line the composi-
tions accessible to the NO+ SiH4 reactions. 
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The average mechanical stress in films of silicon oxynitride on silicon 
is shown in Figure 4. Like Si3N4 itself, nitride-rich SiON is under 
tension. The failure of the curves for the two processes to join 
smoothly provides evidence of a fundamental structural difference in 
.. 
11 
the two oxynitrides. It is believed that the hydrogen content29 of the 
oxynitride from the anvnon1a reaction is responsible for this structural 
difference. 
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Figure 4 - Average oxynitride film stress on silicon 
from the SiH4 +NO+ NH3 and NO+ SiH4 
processes. 
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Current Trends 
The promotion of a chemical reaction by an electrical discharge through 
gases has been known for sometime now. Until the late I970's, however, 
the process has never had much co11111ercial success because the phenomena 
involved are so complex and difficult to control that the results could 
fl 
not compete with other methodsl7. In recent years this situation has 
changed such that in the microelectronics, optics and solar energy 
research industries, discharge - promoted etching or deposition 
technology has no real competition. A list of applications for plasma-
~ssisted deposition of thin films in the microelectronic industry would 
include: (1) encapsulation for scratch and particle protection of 
integrated circuits, (2) interlevel die l ectr'1.c for multilevel 
metalization structure, (3) capacitor dielectric, {4) diffusion 
mask, {5) or photolithographic mask coating. The chief motive for 
substituting electron kinetic energy for thermal energy in the reaction 
is to avoid excessive thermal heating and consequent degradation of the 
substrate structure. Good quality films by conventional chemical vapor 
deposition usually require 700 - 9QQOC. Such temperatures would cause 
'-intolerable stress as well~,·as interdiffusion, or outright melting of 
device structuresl7. 
Figure 5 shows schematic diagrams of two of the most connonly used 
plasma enhanced chemical vapor deposition {PECVD) reactors used for 
batch processing of integrated circuits. Figure Sa shows a radial-
flow, The reactor chamber • lS parallel plate configuration. 
" ' 
.... 
' 
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cylinderical usually quartz or aluminum, with aluminum plates on top 
and bottom. Samples lie on the bottom electrode, which is either 
electrically floating or grounded. A radio frequency voltage is 
applied to the top electrode to create a glow discharge between the two 
plates. Gases flow radially through the discharge. The bottom 
electrode is heated between 100 and 4000c. Its main advantage is low 
deposition temperature, while there are three major disadvantages: 
capacity is limited, wafers are typically manually loaded and unloaded, 
and there is a high incidence of particle contamination . 
• 
The how wall, plasma-deposition reactor shown in figure Sb solves many 
of the problems encountered in the radial-flow reactor. The reaction 
takes place in a quartz tube heated by a furnace. The samples are held 
vertically, parallel to the gas flow. The electrode assembly, which 
supports the samples, contains long graphite or aluminium slabs. 
Alternate slabs are connected to the power supply, which generates a 
plasma discharge between the electrodes. Advantages of this reactor 
are high capacity and low temperature with no real disadvantages20. 
This is the type of reactor the author utilized. 
14 
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Experimental Detail and Results 
Al 1 experimental samples were 100mm diameter single crystal silicon 
wafers with a thickness of approximately 20 mils. All these silicon 
wafers had a crystal orientation of <111> and were polished on the side 
on which the films were deposited. 
1.0 Wafer Preparation 
All sample wafers were measured using a machinist type micrometer 
capable of mechanically measuring thickness accurately to 1/10 of a 
mil. These wafers were then placed in teflon racks (25 position wafer 
carriers) and cleaned by being immersed for 10 minutes in boiling 
de-ionied water. Before and after particle density measurements 
indicated that this was a very effective and simple cleaning method. 
2.0 SiON Film Deposition 
All films were deposited using a commercially available Pacific Western 
model GL-450-2 Plasma Enhanced Chemical Vapor Deposition (PECVD) 
machine, using a SiH4 + N20 + NH3 reaction. Dry nitrogen is used to 
backfill the system which will bring the system back to atmospheric 
pressure. Argon gas is used during the purge and temperature 
stabi 1 i zat ion processes. The deposition procedure which was f o 11 owed 
for all experimental runs is as follows: 
A. Press "backfill" on-off button if the system is in "standby". 
Otherwise, the "door open" light should be illuminated. 
16 
B. When the "door open" light is on the pre-heated boat (system 
temperature is at 400 oc) can be removed from the system. 
C. Wipe out the boat loader tray with alcohol and a low particle 
cloth (cotton cloths sprayed with a thin coating of teflon are 
expensive but work well here, also, they do not melt if they come 
in contact with the 400 oc boat) . Raise the boat loader to the 
desired tube position by pressing the individual "lower" or 
"upper" position buttons on the boat loader. 
D. Open the door on the furnace tube and withdraw the boat from the 
tube using the stainless steel push/pull rod. 
E. Use the ''lower'' or ''upper'' position buttons on the boat loader to 
move the boat out of the way so that the vacuum wand {6' 1 ong 
stainless steel tube attached to a shop vacuum) can be used to 
carefully vacuum the inside of the tube from end to end using a 
circular motion. 
F. Remove the vacuum wand and with the end of the vacuum hose, 
carefully vacuum the boat from end to end over the top of each 
wafer plate. It is wise to position the boat loader to the lowest 
position to do this cleaning. 
G. Press the tilt release mechanism at both ends of the boat loader 
tray and tilt the boat so that manual loading of the boat can · 
proceed. 
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H. Load each position in the boat with dummy wafers except the six 
inside positions of the second row (from the door of the tube). 
All experimental sample wafers were located in one of these six 
positions. (See figure 6) 
I. Loading is best done by sliding the wafers into the slots 
(polished side out) using the stainless steel wafer tweezers. 
J. Dummy wafers should be clean blank wafers. 
K. Tilt the boat loader tray opposite the first tilt position and 
rotate the tray. Again, load the empty side of the boat by 
carefully sliding the wafers into the slots. 
L. Bring the boat loader tray back to the level position and 
reposition boat loader for loading boat into furnace tube. 
M. Squeeze the el ectri cal contracts on the boat so as to insure a 
proper electrical connection between the system and the boat. A 
pair of gas pliers works well here. 
N. Raise the boat loader to desired tube position by pressing 
individual "lower" or "upper" position button on loader. 
18 
Six Wafer Samples------
Row 5 
Row 3 
Row 2 
Row 1 
. 
' 1 
. 
Figure 6 - Illustration of the location of 
the six wafer samples within 
the Pacific Western 50 position 
graphite wafer boat. 
9 
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O. There are two electrodes emerging from the rear end of the reactor 
tube. Using the stainless steel push/pull rod, roll the wafer 
boat into the tube until a resistance is felt (when boat 
encounters electrode clips). Push boat gently to fit contacts 
between clips (about another inch inward). Pull on boat slightly 
. . 
' 
to ensure a proper contact (boat should not be easily retracted). 
P. Close the door on the reactor tube. Hold the door shut and press 
the "start" button. 
Q. When the run -·; s comp 1 ete, the door wi 11 part i a 1 ly open and the 
"door open" indicator will be lit. Open door. 
R. Position the boat loader for wafer removal. Using the push/pull 
rod, pull the wafer boat from the furnace tube into the boat 
loader. 
S. Reposition the boat loader to its lowest position for wafer 
removal. 
T. Remove the sample wafers and place in a high temperature 
processing wafer rack while they cool. (A stainless steel rack 
works well here.) 
U. Unload the remaining wafers into metal racks. These wafers should 
be stripped of SiON and cleaned before reuse. 
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V. If more sample wafers are to be run and ample 
are available, proceed starting with step •f•. If no other sample 
wafers are to be processed, put this boat back in the tube, close 
the door and press "standby". 
Note: The wafer boat should not be allowed to cool dow11. It 
should be placed back into the tube as soon as possible after 
unloading or reloading. 
3.0 Measuring Film Thickness and Index of Refraction 
Following SiON film deposition, the film thickness (t) and index of 
refraction (n) were measured using a Metricon Corporation PC-200 prism 
coupler. The principle components of the prism coupler··are illustra
ted 
in Figure 7. A laser beam (gas helium-neon laser) strikes the base of 
a high reflective index prism and is reflected onto a photo detecto
r. 
The film to be measured is brought into intimate contact with the pri
sm 
base by means of a coupling head. The angle of incidence, 9, of t
he 
laser beam can be varied by means of a rotary table upon which t
he 
. 
prism, wafer, coupling head, and photo detector are mounted. 
At 
certain values of 8, called mode angles, photons tunnel from the b
ase 
of the prism into the film and enter into optical propagation mod
es, 
causing a sharp drop in the amount of light reflected to the ph
oto 
detector. Detection of two or more mode angles enables the intern
al 
microcomputer to calculate both film thickness and index of refractio
n. 
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If the number of mode angles (N) 1s greater than two, then the problem 
is overspecified and the microcomputer will calculate N(N-1)/2 
independent values oft and n, and the mean and standard deviation of 
all values. 
Prism 
Photodetector 
Fi 111 
Substrate 
Coupling Head 
Figure 7 - The principle components of the 
Metricon PC-200· prism coupler. 
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3.1 Operation 
When power is turned on the prompt "Reference Table• is displayed o
n 
the printer. Rotate the motor driven table until the laser beam i
s 
orthogonal to the entrance face of the coupling prism. When th
is 
occurs, an indicator on the control panel lights and the table positio
n 
readout is automatically set to zero. 
The prompt "Press 'DEF' to begin" is then printed and the operato
r 
enters three necessary parameters for the measurement - the substra
te 
index, the prism angle, and the prism refractive index. (Prism angle 
and index are provided with each prism purchased from Metricon). 
The initialization of the system is now complete and the activa
te 
measuring process can begin. It should be noted that the tab
le 
calibration and parameter definition operations described above a
re 
only necessary when the system is turned on. 
- Pl ace each Wafer to be measured against the coupling prism. By
 
"flipping'' the toggle switch on the left side of the base of the 
instrument, the pneumatically operated coupling head will hold the 
wafer in place. 
- Rotate the table until its angular position readout displays
 
approximately 1200. The table is then rotated back until the 
first film propagation mode becomes apparent by a sharp dip on the 
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meter which displays the intensity of l
ight reflected froa the 
prism base. At this point, press "enter
• on the system keypad. 
The microprocessor will display the table 
position on the printer, 
store this position in memory, and c
alculate and print the 
propagation constant of the mode. 
-
Rotate the table until one or more add
itional modes are found, 
pressing "enter'' each time one is encount
ered. 
-
When two or more modes have been found, p
ress •calc• on the keypad 
and the microprocessor calculates and p
rints the film thickness 
and refractive index, as well as, the
 absolute and percent 
standard deviation of both quantities. 
-
The prompt "enter modes" is then printed, 
indicating it is time to 
remove the present wafer and insert 
the next. Repeat the 
process. 
4.0 Measuring Wafer Bow 
The apparatus used for all wafer bow meas
urements was Canon Model LSF-
500 Scanning Laser Flatness Tester. In 
its operation, a helium-neon 
laser beam is scanned along a diameter 
of the wafer by means of a 
rotating mirror. This incident light b
eam is perpendicular to the 
surface of the rotating table on which t
he wafer rests. By comparing 
the position of the incident and reflected
 beams, the surface elevation 
of the wafer is mapped and electronical
ly depicted on a Cathode Ray 
Tube (CRT) Display. If the wafer surface is perf
ectly flat, the 
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incident and reflected 1 i ght beams me
rge and the CRT Di sp 1 ay shows 
a horizontal line. The precision of 
Ah is within -tl.O m1crometer25 
{Note: Ah is defined as the wafer bow and
 is illustrated in 
Figure 8). 
4.1 Calibration of the Canon Laser Flat
ness Tester 
Calibration of the instrument is accomp
lished by means of a spherically 
ground, gold plated, mirror with a 10 m
eter radius of curvature which 
was purchased from the Oriel Corporation
 of Stamford, Connecticut. 
Referring to Appendix A, "Stress Calcu
lation Procedure," and setting 
L=449 cm and R=IO meters in equation (2), a Ah 
of 25.2 micrometers is 
obtained. With the 10 meter mirror on t
he wafer table the CRT display 
of Ah is adjusted to 25.2 micrometers by the cali
bration "SIZE" knob 
on the control panel of the Cannon Flatn
ess Tester. 
Measurements of other Oriel mirrors w
ith "R" values other than 10 
i,; 
meters, and a calibration standard prov
ided by Canon Corporation have 
convinced the author that the Oriel 
indicated values are accurate 
within 1.0%. Therefore, the use of the
 10 meter Oriel mirror provides 
a reasonably accurate calibration upon 
which all bow measurements were 
based. 
4.2 Measurement Procedures 
-
All wafer samples were centered on the 
Rotary Table with the film 
side up. (Of course, the polished side of the wa
fers are up also, 
which will yi.eld the better light reflec
ting properties.) 
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- The wafers were not constrained; not clamp
ed to the Rotary Table 
and simply resting under their own weight. 
- In all instances, two readings of Ah w
ere taken. During the 
first measurement the rotary table index was 
set to oo (Primary 
wafer flat was nearest the front of the flatne
ss tester.) 
- By adjusting the setting on the "amplitude" knob on the
 front of 
the Canon Flatness Tester an "easy to read" o
utput can be view~d 
on the CRT. Typically, thi"s resulted in a
 scale where each 
increment on the CRT display represented e
ither 0.1 or 0.5 
micrometers of Ah. These values of Ah are
 visually recorded 
from the CRT display. 
- Following the reading taken at oo, a sec
ond reading was taken 
after rotating the rotary table to the goo set
ting. Incidentally, 
rotating the table to the 2100 setting yielde
d nearly identical 
values of Ah. 
5.0 Determining Buffered Hydro Flouric Acid (BHF) Etch R
ate 
5.1 BHF Etch Bath Setup 
In a 11 instances where etch rate experiments 
were conducted, a Santa 
Clara Plastics Corporation Polyvinyl Chloride (PVC) sink 
was utilized. 
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- All samples were etched in 25 position Teflon etch racks with a 
detachable teflon handle. In these racks all samples were spaced 
such that at least one empty position was left between samples. 
This was done to insure that localized "pockets'' of saturated BHF 
etchant would not effect the etch rate of any of the samples. 
- Within the Santa Clara sink one of the working sinks was fitted 
with an acid waste drain. In this sink a tall teflon bucket was 
placed which was capable or holding a gallon of liquid. This 
bucket was constructed such that a 25 position teflon wafer 
carrier could be completely submerged in one gallon of liquid. 
- Immediately next to the acid etch sink was a programmable DI water 
Spray/Dump Sink with a count down counter. This counter was 
preset to ten. Each spray cycle lasted 30 seconds. The dump 
portion of the cycle was only 2 or 3 seconds, which was more time 
than adequate to completely empty the sink. 
- Next to the spray/dump sink was a DI water over flow bath. This 
bath was large enough to hold two 25 position racks of 4'' wafers 
completely submerged. In the operation of the bath, deionized 
water continually flows from the bottom and over the walls of the 
top at a rate of 1/2 gallon per minute. 
27 
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- Adj a cent to the overflow s 1 nk end of the Santa Clara Pl ast; cs 
Corporation acid sink ;s a single rack, Santa Clara Plastics sp;n 
dryer. This spin dry was programmed to spin for five minutes. 
5.2 BHF Etch Procedure 
Fill the teflon bucket in the acid etch sink with one gallon of BHF 
(34.6% (wt) NH4F /6.8% HF/ 58.6% H20). Preset the etch bath timer to 
10.0 minutes. Simultaneously lower the teflon wafer rack with samples 
in to the BHF etchant and press the timer start button. 
- When the etch bath timer alarms, immediately lift the teflon rack 
out of the BHF, lift up the spray/dump sink door, lower the rack 
into this sink and press the green "GO" button. 
- Upon completion of the ten spray cycles, another alarm will sound. 
Lift the wafer rack out of the spray sink and place into the DI 
water overflow sink. Press the timer ''start'' button. 
- Upon expiration of ten minutes, the overflow bath timer would 
alarm. Lift the rack of wafers out of the overflow bath. Remove 
the detachable teflon handle and slide the rack & wafers into the 
spin dryer. Close the dryer door and press the start button. 
- In five minutes the spin dryer ti mer wi 11 a 1 arm. Open the dryer 
door and remove the teflon rack with wafer samples. 
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6.0 Measure SiON Film Thickness 
Referring to Experimental Detail 3.0, "Measuring Film Thickness and 
Index of Refraction", again measure and record the thickness of the 
SiON film. 
The author would like to note that in all but one instance, the index 
of refraction of the SiON film had not changed from the before BHF etch 
reading. The instance where the film's index of refraction was 
inconsistent is discussed in the Results of Experiment #1 on page 40. 
7.0 Calculation of the SiON BHF Etch Rate 
The calculation of the etch rate of the SiON film in Buffered 
Hydrofluoric Acid is accomplished by simply subtracting the value of 
the measured Si ON film thickness after etch from the measured Si ON 
thickness after film deposition (before etch) and dividing by 10 
minutes. The yielded value is in units of microns per minute. 
8.0 Remove SiON Film from Wafer Samples 
The remaining SiON film can be removed from the wafer samples by 
placing the wafers in a 10 minute hydrofluoric acid (HF). 
The HF etch is identical to that of the BHF etch procedure as 
detailed on page 28, with the only exception being that the teflon 
bucket is filled with HF rather than the BHF solution. 
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9.0 Measurement of the Wafer Bow Following Removal of the SiO
N Film 
As outlined in the Experimental Detail 4.0, "Measuring Waf
er Bow", an 
additional set of readings of Ah is taken after the film 
is removed. 
It is important that each wafer is identically oriented and
 positioned 
on the rotary table for the two sets of Ah reading. 
Record the 
values from the CRT display for each position. 
The author chose to measure the wafer bow after removal 
of the SiON 
film and not before deposition because it was felt that 
this would 
yield more accurate resultsll,28. If the first wafer bow 
reading is 
made prior to film deposition, then the wafer bow measured
 after film 
deposition could be attri bu table to ·stresses other than that
 within the 
film. Deformation of the silicon lattice due to thermal st
ress caused 
by the 400 oc system temperature is a possible "non-fil
m stress". 
Removal of the SiON film in the HF etch is a relatively ben
ign process 
that will have little effect on the silicon wafer itself. 
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10.0 SiON Film Stress Calculation Procedure 
The author used the common method of measuring the substrate bow in 
order to calculate the internal stress of the deposited film. This 
assumption is sound since a deposited/grown film is very thin compared 
to the thickness of the silicon wafer, thus, its contribution to ·the 
elastic behavior of the substrate can be neglected.27 For measurement 
purposed it is necessary to assume:25 
I. That the film stress is isotrophic in the plane of the film 
and uniform in magnitude. 
2. The wafer thickness, T, is constant. 
3. The film thickness, t, is constant. 
Therefore, as was noted on page 5, the expression for the film stress 
can be written as: 
S = I E 
-6 1 - v 
These terms are again defined as: 
S = Film Stress 
12 
tR 
E = Young's Modulus of Elasticity 
v = Poisson's Ratio 
T = Wafer Thickness 
t = Film Thickness 
R = Radius of Curviture 
(I) 
The quantity l E is 3 x 1011 dyne/cm2 for (100) oriented silicon 
6 1 - v 
wafers and 3.8 x 1011 dyne/cm2 for (111) wafers. 
As stated earlier, the author used a Canon Model LSF-500 Scanning Laser 
Flatness Tester. In its operation, a Helium-Neon laser beam is scanned 
along the diameter of the wafer. By comparing the position of the 
incident and reflected beams, the surface elevation of the wafer is 
electronically mapped. This is a convenient and user friendly machine 
for determining these measurements. The precision of measurement of 
Ah is better than 1.0 micron. See Figure 8 for cross-sectional 
illustration of a bowed wafer and a definition of terms. 
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Film 
L 
R 
Figure 8 - Cross-Section of bowed wafer 
depicting length of Laser Beam Scan Line 
(L), Wafer Thickness.{T), Film Thickness 
(t), Radius of Curviture (R), and the 
amount of wafer bow (Ah) 
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Wafer 
For smal 1 valves of Ah compared to the Laser S
can Length, L, the 
Radius of Curviture can then be rewritten in the for
a: 
R • L2/s Ah (2) 
Substituting equation (2) into equation (1) yields: 
S • E 8d2 Ah 
6(1 - ~) L2t (3) 
During the data generation procedure, two rea
dings of Ah were 
recorded with the film on the wafer. The two rea
dings were taken in 
orientations orthogonal to each other, typically 
at the rotary index 
positions of oo and goo. Two more readings were
 taken in the same 
positions after the film was removed in the hydrofl
ouric acid etch. 
The difference between the two pairs of Ah reading
s, with and without 
the film, yields the net Ah which is attributable 
to the film stress. 
The average of the two Ah valves is inserted in
to equation (3) to 
compute the internal stress of the deposited fi
lm. This procedure 
"smooths" the data for small variations in film thi
ckness, film stress 
and wafer thickness.26 
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10.1 Example stress Calculat1on 
Sample is PECVD Sil icon Oxynitr1de film deposite
d on (111) oriented 
Silicon Wafer 
Film Thickness, t, is 0.892 microns 
Laser Beam Scan Length, L, is 4.49 cm (this is inherent to our 
aachine 
and was indicated by the equipment producer - Canon
 Corporation) 
Wafer Thickness, T, is 20.2 mils 
Aho with film is 10.0 microns 
Aho without film is -2.0 microns 
Aho (net) is 10.0 -{-2.0) = 12.0 microns 
Ah90 with film is 6.5 microns 
Ah90 without film is -5.0 microns 
Ah90 {net) is 6.5 -(-50) = 11.5 microns 
Ah (ave)= (12.0 + 11.5)/2 = 11.75 microns 
Inserting these terms into equation (3) yields 
S(lll) = {3.8 x 1011 dynes/cm2 8[(20.2 mils)(25.4 um/mil}]2(Il.7
5 um} 
(4.49 x 104 um)2 (0.892 um) 
S(lll) • 5.23 x 109 dynes/cm2 
Since this quantity has positive sign, the film str
ess is compressive. 
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11.0 Experiment #1 
11.1 Film Stress vs, Gas Composition 
In the first set of experimental runs, plasma silicon oxynitride films 
were deposited using the N20 + SiH4 + NH3 reaction at an RF frequency 
of 125 KHz, pressure of 2.5 torr, RF power of 150 watts and at a 
controlled temperature of 4000c. All reactions were carried out for 60 
minutes and a minimum of six sample wafers were used. The flow rate of 
the silane in the reaction was 100 standard cubic centimeters per 
minute (seem), while the ammonia was at that of 1100 seem. With N20 as 
the only variable, the ratio of SiH4/(NH3 + N20) was varied from 0.091 
(with no N20 addition) to 0.071. The flow rate of N20 was increased 
from zero to 300 seem by increments of 75 seem. As seen in figure 9, 
this successive addition rif N20 to SiH4 + NH3 effectively decreased the 
film stress from 5.64 x 109 dynes/cm2 compressive to 0.5 x 109 
dynes/cm2 tensile. 
In Figure 10 it can be seen that the etch rate of this film in BHF is 
lowest (0.014 µm/min) when the N20 flow rate is 75 seem. The 
SiH4/(NH3 + N20) ratio for this film was 0.085. 
11.2 Procedure 
As stated earlier in the Experimental Detail, the sequence of process 
steps used was identical for all depositions. In this experiment, 
however, the N20 gas flow rate parameter during the deposition process 
step was altered. The procedure to alter this flow rate 
follows: 
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- Turn knob on main control panel from •run• to •set up•. 
- Press the forward button on the main control panel, stepping 
through the process steps, stopping at sequence 117 which is 
process #13 (deposition #1). 
- Set gas flow: 
I. Enter the fl ow rate desired on the gas panel •set point• 
digits {e.g. 0150 represents 150 seem). 
2. Press the "set" button for N20 on the gas control panel. 
3. Enter 0600 on the gas panel •set point• digits. 
4. Press the "set" button for "time• on the main control panel. 
Note: Whenever a process step parameter is changed the time must be 
renetered for that process step. 
- Turn the knob on the main control panel from •set up• back to 
"run". 
This procedure must be followed each time the N20 flow rate is 
changed. 
<P 
. 
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Table II - Experimental Results Of Varying The Gas Composition 
Producing The Oxynitride Film. 
Flow Rate 
of N20 
(ccml 
0 
75 
150 
225 
300 
SiH4/ 
(N20 + NH3) 
0.091 
0.085 
0.080 
0.075 
0.071 
Index of 
Refraction 
(n) 
2.20* 
2.06 
1.95 
1.89 
1.87 
Film 
thickness 
Cuml 
1.03 
1.34 
1.64 
1.72 
1.76 
Etch 
rate 
(pm/min) 
0.040 
0.014 
0.027 
0.040 
0.042 
*Analysis indicated film had an inconsistent composition. 
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Stress (dyne/cm2 
X 10-9) 
5.64 
2.36 
0.78 
-0.52 
-0.34 
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Figure 9 - Film Stress vs. Flow Rate of N20 
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Figure 10 - Buffered Hydrofluoric Acid Etch 
Rate vs. N20 Flow Rate 
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As seen in Table II, anal
ysis of these films indica
ted that the film 
deposited with zero N20 wa
s indeed unusual. The index
 of refraction of 
the six samples with films
 deposited during this exp
erimental run were 
consistently 2.20; however
, the index of refraction 
as measured after 
the 10 min buffered hyd
roflouric acid now measure
d 2.08. In both 
cases, as is true in all e
xperimental runs, the index
 of refraction and 
film thickness was measur
ed utilizing a Metricon m
odel PC-200 prism 
coupler (Laser Interferometer). 
12.0 Experiment #2 
12.1 Film Stress vs. R.F. 
Energy Added to the Reactio
n 
In the second set of exp
erimental runs oxynitride 
films were again 
deposited using the N20 + 
SiH4 + NH3 reaction with a
 pressure of 2.5 
torr, RF power of 150 w
atts and at a temperature 
of 4oooc. In a 11 
runs, deposition time was 
60 minutes and minimum of 
six sample wafers 
were used. The following 
flow rates were maintained
 SiH4 - 100 seem, 
NH3 -1100 seem and N20 -
75 seem. In this experime
nt separate runs 
were conducted varying th
e frequency of the RF en
ergy added to the 
reaction from 25 KHz to 1
25 KHz in increments of 25
 KHz. The results 
of this experiment are sho
wn in Table III. It can be
 seen in Figure 11 
and Figure 12, that varyi
ng the RF energy over th
is range does not 
effectively change the st
ress or the BHF etch rate
 of the resulting 
deposited film. 
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12.2 Procedure 
In this experiment, no process step parameters had to be changed by 
altering the microprocessor program. The Pacific Western R.F. 
generator is located directly under the gas control panel. Prior to 
each experimental run simply "dial in" the desired radio frequency on 
the front panel of the generator. 
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BH F ETCH RATE ( um/MIN) 
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Figure 12 - Buffered Hydrofluoric Acid Etch 
Rate vs. Radio Frequency 
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Table III -
RF 
(KHz) 
25 
50 
75 
100 
125 
Experimental Results Varying The Radio Fre
quency Of The 
Reaction Producing The Oxynitride Films. 
Index of 
Refraction 
Cnl 
2.01 
2.01 
2.01 
2.01 
2.01 
Film 
thickness 
Curnl 
I.I9 
l.I2 
I.IO 
1.40 
1.23 
Etcfi 
rate 
(µm/minl 
0.013 
0.014 
0.014 
0.014 
0.014 
Stress 
(dyne/12 
X 10-} 
2.34 
2.88 
2.67 
3.97 
3.47 
Summary Remarks and Discussion 
The author noted earlier that both Rand
 and Drum as well as Rand and 
Roberts utilized nitric oxide (NO) as th
eir oxidant. This was 
attributable to the thermal stability o
f NO. It was theorized that in 
at the lower deposition temperature of 
the PECVD process that nitrous 
oxide would be a controllable, satisf
actory oxidant. This in fact 
turned out to be true. An equally imp
ortant factor contributing to 
this decision was that NO is extremely 
toxic and therefore dangerous 
es pee i a 11 y in a production environment
. N20, on the other hand, is 
non-toxic. 
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The author's experimental results shows that the RF energy added to the 
oxynitride film deposition reaction is independent of the stress of the 
resulting film. Although this was a relatively narrow RF bandwidth 
(25-125 KHz), the consistent index of refraction and BHF etch rate of 
the resulting films indicate these were indeed the same film. It 
should be noted, however, that the author has learned during discussion 
with a colleague that this is not always the case. Evidently there is 
a point where the internal stress of the deposited film is dependent on 
the RF energy used during the reaction. This cross-over point occurs 
at approximately 1 MHz.28 Unfortunately, the author did not have a 
variable frequency RF power supply available to him that spanned this 
frequency range. 
For the author's equipment and process parameters a N20 flow rate of 
approximately 200 seem would yield a zero stress film. The ratio of 
SiH4 to N20 + NH3 would be 0.077. 
Upon evaluation of the silicon oxynitride grown by this PECVO process 
the results were as follows: 
1) The resistance to film cracking, device structure step coverage 
<' 
and thickness uniformity can be improved by converting from PECVD 
silicon nitride to silicon oxynitride28. 
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2) Also the author would like to note, as seen in Table II, 
that the 
deposition rate increased as the N20 flowrate 
increased. The 
deposition rate for the 60 minute reaction went from
 0.17 microns 
per minute when the N20 fl owrate was zero to . 0
29 microns per 
minute when the flowrate was 300 seem. This is a 7
0% increase and 
a significant and positive attribute to an inte
grated circuit 
production process. 
3) This silicon oxynitride film is comparable to silicon nitr
ide with 
regard to resistance to Alkali ions and moisture 
penetration.26 
In a separate experiment both control wafers and th
e experimental 
wafers were contaminated with radioactive sodium
 chloride to 
compare the sodium barrier properties of PECVD sili
con oxynitride 
films with those of plasma deposited silicon nitrid
e. Radiographs 
were then used to trace the distribution of alkali 
ions within the 
films. The difference in the calculated diffusion c
oefficients of 
sodium for both these films proved to be negligib
le. Therefore, 
it has been decided that substitution of the silic
on oxynitride 
film for the silicon nitride film will not d
egrade device 
performance by allowing mobile ion contamination . 
V 
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APPENDIX 
PROCEDURES TO PROGRAM SILICON OXYINITRIDE DEPOSITION SYSTEM 
Pacific Western Model GL-450-2 (often referred to as a "coyote• 
throughout the industry) is a Reduced Pressure, Plasma Enhanced, 
Chemical Vapor Deposition System. It is designed to produce silicon 
nitride, silicon dioxide, and polysil icon films at temperatures not 
exceeding 500 oc. 
The following list of procedures are itemized instructions for setting 
operating parameters. 
A. 
B. 
Set Furnace Temperature 
At furnace control panel (on side of machine) adjust the center 
control unit digits to desired temperature (these thumb wheels 
are labeled temperature settings). Set end zone controllers for 
desired amount of deviation from center. 
Furnace controls function independently of the microprocessor. 
Temperatures may be set in any phase of any mode of operation. 
The center controller controls the center (master) element of the 
furnace. The other controllers, for front and rear furnace 
elements, are slaved to center. Digital meters provide a 
temperature reading of each of the three zones. 
For these experiments set the thumb wheel temperature settings to 
400 oc for all three zones. 
Standby Mode 
Standby is a non-processing mode for use during idle machine 
time. 
In order to enter standby mode, hold the reactor tube door shut 
while pressing the "standby" button on the auxiliary panel (next 
to door) or on the main panel (on side of machine). 
In this mode the vacuum system is engaged with the gate and 
throttle valve~ open. All other machine functions are off. 
} •od 
Standby condition ends with procedure C, below . 
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C. Backfill Mode 
D. 
E. 
Press "backfill" on the main or auxiliary control panel. 
Nitrogen backfill gas flows into the reactor tube until the tube 
door opens. Gate and throttle valves in the vacuum plumbing are 
closed. Ballast gas (N2) flows to the roots pump. All other 
machine functions are off. 
Set Up for Automatic Mode Operation 
Turn key on main control panel to "auto". 
Turn knob to right of key to "set up". 
The program in the microprocessor may now be changed (complete or 
in part from the main control panel). The microprocessor will 
retain one program in memory. 
Programming the Microprocessor for Automatic Mode 
Twenty-three discrete processes, each associated with a process 
number (0-22), may be deleted and/or repeated as desired to 
create an automatic routine of up to 100 steps. These processes 
are described fully in Table V. 
Note: The entire sequence of processes must be completely 
programmed before the parameters of each process step are 
selected (time, power level, vacuum.level, etc.). 
Procedure: 
1. With the machine at "auto" and "set up" (see procedure D, 
above) press the "start" button on main or auxilia~ panel 
to begin sequence selection. 
2. Observe the "flow" - "set point" displ~ on the gas panel. 
Sequence number 00 is shown on 1 eft. Process numbers wi 11 
be shown on right. 
3. The identical sequence of process steps were used for all of 
the experi men ta 1 runs. The programming procedure for those 
process steps is as follows. 
a. For sequence #0, set process #00 (pre-pump). 
- Enter 0000 on the gas panel "set point" digits. 
Note: There is one set of thumb wheel digits 
located on the gas panel where all data (both 
process steps and parameters) is entered. 
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-
Press the "set" button on the main control panel. 
-
Process #00, pre-pump down, will occur first in 
the automatic routine. 
-
Time is selectable during this process step. 
-
Enter 0050 on gas panel "set point" digits. 
-
Press the "set" button for "time" on the main 
control panel. 
-
Note: A "set time'' of 1234 represents I hour and 
23.4 minutes. Therefore, 0050 represents 5.0 
minutes. 
-
During this step a slow pump down will occur where 
the throttle valve will be closed and the 
puenmatically controlled gate valve is open. 
b. Sequence #01 will now be displayed. Set pro
cess #02 
for sequence #01 (fast pump down}. 
-
Enter 0002 on "set point'' digits . 
. -''"' 
-
Press "set" button on main control panel. 
-
Time and vacuum are selectable during this process 
step. 
-
Enter 0050 on gas panel "set point" digits. 
-
Press "set" button for "time" on the main 
control panel. 
-
Enter 0100 on the gas panel "set point" 
digits. 
-
-
Press "set" button for "vacuum" on the main 
control panel. 
Note: A "set vacuum'' of 0125 represents 1.25 
torr. Therefore 0100 represents 1.00 torr. 
-
During this step a fast pump down will occur where 
the throttle valve and the gate valves are open. 
c. Sequence #02 will now be displayed. Set pro
cess #03 
for sequence #02 (change SiH4 manifold). 
-
Enter 0003 on the "set point" digits. 
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- Press the "set" button on the main control panel. 
- There are no selectable parameters. 
- This process step toggles the control valve for 
the SiH4 manifold - this manifold control valve is 
now open. 
d. Sequence #03 will now be displayed. Set process #09 
(temperature stabilization). 
- Enter 0009 on the "set point" digits. 
- Press "set" button on the main control panel. 
- Argon gas flow rate and time are selectable 
parameters. 
-
-
-
-
-
Enter 0500 on the "set point" digits. 
Press the "set" button for Argon on the gas 
control panel. 
Note: A set point of 1234 represents 1234 
seem. Therefore, 0500 represents an Argon 
flow rate of 500 seem. 
Enter 0100 on the "set point" digits. 
Press the "set'' button for "time'' on the main 
control panel. 
- The process temperature of 400 oc, which is set 
independently of the automatic processor, is 
a 11 owed to stabilize by running 500 seem of Ar 
through the system for ten minutes. 
e. Sequence #04 wi 11 now be displayed. Set process #05 
(open the automatic flow controllers (AFCs) on the SiH4 
manifold). 
- Enter 0005 on the ''set point'' digits. 
- Press the ''set'' button on the main control panel. 
- There are no selectable parameters. 
- The AFCs for SiH4, N20, NH3 and are fully opened 
with their associated Nupro valves closed. 
53 
.. 
,, 
f. Sequence #05 wi 11 now be d 1 sp 1 ayed. Set process 101 (pre-pump down). 
- Enter 0001 on the "set point" digits. 
- Press the "set" button on the main control panel. 
- Time is a selectable parameter. 
-
-
Enter 0050 on the "set point" digits. 
Press the "set" button for "time" on the main 
control panel. 
- The vacuum gate and throttle valves are open for 
5.0 minutes and remain open after this process 
step. 
g. Sequence #06 will now be displayed. Set process 123 (dummy process step). 
- Enter 0023 on the "set point" digits. 
- Press the ''set'' button on the main control panel. 
- Process #23 is a dummy process which does nothing. 
Dummy processes a 11 ow insertion of process steps 
within the sequence at some later date. Process 
numbers 23-98 are "dummies". 
-
1 h. Sequence #07 will now be displayed. Set process #10 (leak check). 
- Enter 0010 into the "set point" digits. 
- Press the ''set'' button on the main control panel. 
- Time and vacuum are selectable parameters. 
-
-
-
-
-
Set 0100 on the "set point" digits. 
Press the ''set" button for "time" on the main 
control panel. 
Set 0200 on the ''set point" digits. 
Press the "set" button for "vacuum" on the 
main control panel. 
Note:- If the set pressure (2.0 torr) is 
exceeded by the set time (10.0 min), a vacuum 
alarm is created and the run is aborted . 
• 
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(See procedure Jin this appendix for a more 
detailed description of the alarm 
conditions). 
1 . Sequence #08 wi 11 now be di sp 1 ayed. Set process 122 (purge). 
- Enter 0022 into the "set point• digits. 
- Press the "set" button on the main control panel. 
- Argon flow rate and time are selectable 
parameters. 
-
-
-
-
Enter 2000 into the "set point• digits. 
Press the "set" button for "Argon" on the gas 
control panel. 
Enter 0050 into the "set point" digits. 
Press the "set" button for "time" on the main 
control panel. 
j. Sequence #09 wi 11 now be displayed. Set process 123 
(dummy). 
- Enter 0023 into the "set point" digits. 
- Press the "set" button on the main control panel. 
k. Sequence #10 wi 11 now be displayed. Set process #03 (change SiH4 manifold). 
's:. 
- Enter 0003 into the "set point" digits. 
- Press the "set" button on the main control panel. 
- No parameters are selectable. 
- The SiH4 manifold will now be toggled closed. 
\ 
' 
' 
1. Sequence #11 will now be displayed. Set process #01 (fast pump down) . 
-
Enter 0001 on the "set point" digits. 
- Press the "set" button on the main control panel. 
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- Time is a selectable parameter. 
-
-
Enter 0050 on the "set point" digits. 
Press the "set" button for "time" on the main 
control panel. 
- The vacuum gate and throttle valves are open for 
5.0 minutes and remain open after this process 
step. 
m. Sequence # 12 wi 11 now be di sp 1 ayed. Set process 104 
(change 02 manifold). 
- Enter 0004 into the "set point" digits. 
- Press the "set" button on the main control panel. 
- This will toggle the 02 manifold control valve 
open. 
n. Sequence #13 will now be displayed. Set process Ill 
(pre-clean). 
-
-
-
Enter 0011 into the "set point" digits. 
Press the ''set" button on the main control panel. 
Time, 02 gas flow, power and vacuum are selectable 
parameters. 
-
-
-
-
-
-
-
-
• & 
Enter 0500 into "set point" digits. 
Press the "set" for "02" on the gas control 
panel. 
Enter 0300 into the "set point" digits. 
Press the "set" button for "plasma" on the 
main control panel. 
Enter 0250 into the "set point" digits. 
Press the "set" button for "vacuum" on the 
main control panel. 
Enter 0200 into "set point" digits. 
Press the "set" button for "time" on the main 
control panel. 
• 
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- This process step will generate an 02 plasma for 
20 minutes to remove organic contaminants from the 
wafers, the graphite boat and the reaction tube. 
o. Sequence #14 will now be displayed. Set process 101 
(fast pump down). 
- Enter 0001 on the "set po;nt" d;g;ts. 
- Press the "set" button on the main control panel. 
- Time is a selectable parameter~ 
-
-
Enter 0050 on the "set point" digits. 
Press the "set" button for •time• on the main 
control panel. 
- The vacuum gate and throttle are open for 5.0 
minutes and remain open after this process step. 
p. Sequence #15 will now be displayed. Set process 103 
(change SiH4 manifold). 
- Enter 0003 on the "set point" digits. 
- Press the "set" button on the main control panel. 
- There are no selectable parameters. 
- This process step toggles the control valve for 
the SiH4 manifold - this manifold control valve is 
now open. 
q. Sequence #16 will now be displayed. Set process 101 
(fast pump down). 
- Enter 0001 on the ''set point" digits. 
- Press the "set" button on the main control panel. 
- Time is a selectable parameter. 
-f' 
-
-
Enter 0050 on the "set point" digits. 
Press the "set" button for "time" on the main 
control panel. 
Both vacuum valves (gate and throttle) are open 
for 5.0 minutes and will remain open after this 
process step. 
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r. Sequence #17 wi 11 now be displayed. Set process 113 (deposition #1). 
- Enter 0013 on the "set point" digits. 
- Press the "set" button on the main control panel. 
- For Deposition #1, time, gas flows, power and 
vacuum are selectable parameters. 
-
-
-
-
-
-
Enter 1100 on the "set point" digit. 
Press the "set" button for "NH3" on the gas 
control panel. 
Enter 0100 on the "set point" digits. 
Press the "set" button for "SiH4" on the gas 
control panel. 
Enter 0075 on the "set point" digits. 
Press the set button for "N20" on the gas 
control panel. 
Note: A fl ow rate of 75 seem was used as the 
control for all experiments. This was the 
parameter that was varied during the stress vs. 
gas composition experiments. 
- Enter 0150 on the "set point" digits. 
-
-
-
-
-
Press the "set" button ·for~ "plasma" on the 
main control panel. 
Enter 0250 on the "set point" digits. 
Press the "set" button for "vacuum" on the 
main control panel. 
Enter 0600 on the "set point" digits. 
Press the ''set'' button for "time" on the main 
control panel. 
- This process step will deposit the SiON film using 
the SiH4 + N20 + NH3 reaction for 60.0 minutes at 
2.5 torr with 150 watts of RF power (radio 
frequency of 125 KHz). 
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s. Sequence 118 will now be displayed. Set process 101 
(fast pump down). 
- Enter 0001 on the •set point• digits. 
- Press the •set• button on the main control panel. 
- Time is a selectable parameter. 
-
-
Enter 0050 on the •set point• digits. 
Press •set• for •t1me• on the main control 
panel. 
- Both vacuum valves (gate and throttle) are open 
for 5.0 minutes and will remain open after the 
process step. 
t. Sequence #19 will now be displayed. Set process 122 
{purge). 
- Enter 0022 on the •set point• digits./ 
- Press the •set• button on the main control panel. 
- Argon flow rate and time are selectable 
parameters. 
- Enter 0500 on the •set point• digits. 
-
-
-
Press the "set" button for •Argon• on the gas 
control panel. 
Enter 0100 on the •set point• digits. 
Press the •set• button for •time• on the aain 
control panel. 
- During this process the deposition gases will be 
purged by flushing the system with 500 seem of 
Argon for 10 minutes. 
u. Sequence #20 will now be displayed. Set process 103 
{change SiH4 manifold). ~ 
- Enter 0003 on the •set point• digits. 
- Press the •set• button on the •ain control panel. 
--
- There are no selectable parameters. 
'b,,-
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- This process step toggles the control valve of the 
S1H4 manifold - this manifold control valve is now 
closed. 
v. Sequence #21 wi 11 now be di sp 1 ayed. Set process 104 {change 02 manifold). 
- Enter 0004 on the •set point• digits. 
- Press the "set• button on the main control panel. 
- There are no selectable parameters. 
- This process step toggles the control valve of the Oz manifold - this manifold control valve is now 
closed. 
w. Sequence #22 wi 11 now be di sp 1 ayed. Set process 118 
(backfi 11). 
- Enter 0018 on the "set point• digits. 
- Press the "set" button on the main control panel. 
- There are no selectable parameters. 
- During this process step both vacuum va 1 ves are 
closed. The N2 solenoid valve is opened allowing 
nitrogen to bring the system back to atmospheric 
pressure. N2 gas does not flow through the SiH4 
or 02 manifolds. 
x. Sequence #23 will now be displayed. Set process 199 
-,-__ 1 (dummy process). 
• 
- Enter 0099 on the "set point" digits. 
-
-
-
Press the "set" button on the main control panel. 
There are no selectable parameters. 
This process step does nothing during an automatic 
run but it is different than the other dunny 
processes. It tells the microprocessor that the 
sequence procedure is complete. This must be the 
last process step during an automatic sequence. 
,. ' 
4. Press "start" once more. The autqmatic sequence has now 
been programmed into the microprocessor. A sunnary of this 
automatic sequence is outlined in Table IV. 
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5. Press the "forward" button on the main control panel to 
review the sequence of processes one step at a t ;me. The 
sequence number will be displayed on the left and the 
process number wi 11 be on the right. The "reverse• button 
may be used to step backward through the program. 
6. In using the "forward" and "reverse" buttons to review the 
sequence program, if an error is discovered, any sequence 
number currently displayed can be corrected (using •set 
point" and II set II buttons) without affecting any other part 
of the sequence. 
• 
a. To insert a process within the sequence, replace a 
"dummy" number with the number of the process desired. 
b. To delete a process from the sequence, replace the 
process number with a duR111y number. 
7. As was stated earlier, the sequence must be completely 
programmed into the microprocessor before the parameters can 
be selected for any given process step. 
8. Using the "forward" and "reverse" buttons to step through 
the sequence program, the parameters for each process step 
can be programmed into the microprocessor as outlined 
earlier in this procedure. 
PARAMETER PROGRAMMING PROCEDURES 
F. Set Time 
Enter the time desired on the gas panel "set point" digits (e.g. 
1234 represents 1 hour, 23.4 minutes). 
Press "set" for "time" on the main control panel. 
G. Set Vacuum 
Enter the vacuum level desired on the gas panel "set point" 
digits (e.g. 0123 represents 1.23 torr). 
Press the ''set'' button for "vacuum" on the main control panel. 
Note: Entering 0000 as a set point will cause the vacuum 
throttle to open completely (it will not attempt to control 
pressure). 
H. Set Gas Flow 
Enter the flow rate desired on the gas panel "set point" digits 
(e.g. 1234 represents 1234 seem). 
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Press the "set" button for the desired gas on the gas control 
panel. 
Set Radio Frequency Power 
Enter the power level desired on the gas panel •set point• digits 
(e.g. 0125 represents 125 watts). 
Press the "set" button for "plasma" on the main control panel. 
J. Process Alarm Conditions 
When an alarm occurs: 
... 
1. Press the "alarm silence" button to silence the buzzer. 
2. Correct alarm condition. 
3. Press ''alarm reset" button to restore machine to operational 
condition. 
Note: Displays, which provide alarm-cause information, will be 
erased when this button is pressed. 
The alarm indicators are above the "on/off" buttons on the main 
control panel. 
Description 
Vacuum Alarm: 
Gas Alarm: 
Power Alarm: 
- Vacuum at >5 torr with RF power or gases 
other than N2 or Argon on. 
- Leak in vacuum or gas module plumbing. 
- When occurring at end of leak check, 1 eak 
check vacuum setting too low in comparison to 
pump down vacU!,lm setting. 
- Gas set for less than 10% of maximum flow (flow control is inefficient at these 
levels). 
- Flow controller faulty. 
- Vacuum is greater than 5 torr when power is 
on. 
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Table IV - Summary of Automatic Sequence Programed into the Pac.1fic 
Western PECVD System. · 
Sequence# Process# 
00 00 - Slow Pump Down 
01 02 - Fast Pump Down 
02 03 - Temperature Stabilization 
03 09 
04 05 - Leak Check of 
05 01 Deposition System with 
06 23 SiH4 Manifold Open 
07 10 
08 22 - Purge System 
09 23 
10 03 - Close SiH4 Manifold 
11 01 Open 02 Manifold and 
12 04 Clean Reaction Chamber 
13 11 
14 01 - Reopen SiH4 Manifold 
15 03 
16 01 - Deposition I 
17 13 
18 01 - Final Purge of System 
19 22 
20 03 - Close Both Manifolds 
21 04 
22 18 - Backfill 
23 99 
63 
Table V - Pacific Western GL-450-2 Automatic Process Steps 
O. PRE-PUMP -- Unit pumps down (the door must be closed) with the 
throttle valve closed for a set time. 
a. Time is selectable. 
b. Vacuum solenoid is opened and throttle valve is closed; they 
remain so at end of process. 
c. Ballast gas, gas Nupro valves, AFCs, and manifolds are not 
affected. 
I. PRE-PUMP -- Unit pumps down with the throttle valve open for a 
set time. 
a. Time is selectable. 
b. Vacuum solenoid and throttle valve are opened and remain 
open at end of process. 
c. Ballast gas, gas Nupro valves, AFCs, and manifolds are not 
affected. 
2. PUMP DOWN -- Unit pumps down to a set pressure. If set pressure 
is exceeded after a set time, system creates vacuum alarm and run 
is aborted. 
a. Time and vacuum are selectable. 
b. Vacuum solenoid and throttle valve are opened {set point of 
0) and remain open at end of process. 
c. Ballast gas, and gas Nupro valves, AFCs, and gas manifolds 
are not affected. 
3. CHANGE SiH4 MANIFOLD -- Changes"' open-closed status of manifold 
for Argon, SiH4 and NH3. 
a. No parameters are selectable. 
. ... 
b. Open-closed status of SiH4 manifold is altered. 
c. Ballast gas, and gas Nupro valves, AFCs, 02 manifold, and 
vacuum are not affected. 
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4. CHANGE 02 MANIFOLD -- Changes open-closed status of manifold for 
N20 and 02. 
a. No parameters are selectable. 
b. Open-closed status of 02 manifold is altered. 
c. Ballast gas, and gas Nupro valves, AFCs, SiH4 manifold and 
vacuum are not affected. 
5. OPEN AFCs ON SiH4 MANIFOLD 
a. No parameters are selectable. 
b. AFCs for Argon, SiH4 and NH3 are fully opened with 
· associated NUPRO valves closed. 
c. Ballast gas, gas Nupro valves, AFCs, on 02 manifold, vacuum, 
and gas manifolds are not affected. 
6. OPEN AFCs ON 02 MANIFOLD 
a. No parameters are selectable. 
b. AFCs for N20 and 02 are fully opened with associated NUPRO 
valves closed. 
c. Ballast gas, gas Nupro valves, AFCs on SiH4 manifold, 
vacuum, and gas manifolds are not affected. 
7. CLOSE AFCs ON SiH4 MANIFOLD 
a. No parameters are selectable. 
b. AFCs~for SiH4, NH3 and Argon are closed (associated NUPROs 
also closed). 
c. Ballast gas, gas Nupro valves, AFCs, on 02 manifold, vacuum, 
and gas manifolds are not affected. 
8. CLOSED AFCs ON 02 MANIFOLD 
a. No parameters are selectable. 
b. AFCs for N20 and 02 are closed (associated NUPROs also 
closed). 
c. Ballast gas, gas Nupro valves, AFCs on SiH4 manifold, 
vacuum, and gas manifolds are not affected. 
,/' 
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~. TEMPERATURE STABILIZATION -- Argon flows at a set rate for a set 
time. 
a. Argon flow and time are selectable. 
b. Argon NUPRO valve is opened and Argon AF~ is opened to set 
flow during process. Both are closed at end of process. 
c. Ballast gas, gas Nupro valves and AFCs -- other than those 
for Argon carrier, and vacuum are not affected. Neither gas 
manifold is changed from current status for this step. 
10. LEAK CHECK -- Vacuum is off for a set time. If set pressure is 
exceeded at the end of set time, a vacuum alarm is created and 
run is aborted. 
a. Time and vacuum are selectable. 
b. Vacuum solenoid and throttle valve are closed and • a,n 
closed at end of process. , 
",_/ 
/ .• ,. 
c. Ballast gas, gas Nupro valves, AFCs, and gas manifolds are 
not affected. 
11. PRECLEAN 
Vacuum is on throughout this process. Gasses and RF power are 
selectable; if selected, each is associated with a set point. 
a. Selectable parameters: Vacuum, gas flows, RF power and 
time. 
b. Conditions changed by process: 
I. Unused AFCs are closed at start of process. 
2. Vacuum solenoid 
process. 
• 1s open, remaining so at end of 
3. Throttle valve is opened to set point during process, 
and fully opened at end of process. 
4. AFCs and associated NUPROs, including those for 
ba 11 ast, are opened as ca 11 ed for during process and 
closed at end of process. (Automatic ballast is not 
applicable.) 
5. RF power is on to set point during process and off at 
' end of process. 
c. Gas manifolds are not affected. 
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12. PREPURGE -- Same as Process 9. Argon flow and· time are selected 
independently for this purpose. 
13, 14, 15. DEPOSITIONS 1, 2, 3 -- Same as Process 11. Parameters 
are selected independently for each deposition. 
16. FINAL PURGE -- Same as Process 9. Parameters are selected 
independently for this process. 
17. CHANGE BALLAST -- First use of this process turns ballast on at 
set flow, second use turns ballast off, etc. 
a. No parameters are selectable. 
b. On-off status of ballast is altered. 
c. Vacuum, Nupro valves and AFCs -- other than those for 
ballast, are not affected. G·as manifolds are not altered 
for this process. 
18. BACKFILL -- Vacuum is off; N2 backfill solenoid is on. Process 
ends when door opens. 
a. No parameters are selectable. 
b. Backf i 11 is on during process and off at end of process. 
Vacuum solenoid, throttle valve, all Nupro valves, AFCs, and 
gas manifolds are closed during process and remain so at 
end. 
c. Ballast is not affected. 
19. CHANGE VACUUM -- If vacuum is on when this process begins, it is 
turned off. If vacuum is off when process begins, it is turned 
on. 
a. No parameters are selectable. 
b. Open-closed status of vacuum solenoid and throttle valve is 
altered. 
c. Ballast gas, Nupro valves, AFCs, and gas manifolds are not 
affected. 
20. PAUSE -- The sequence pauses until the START button is pressed. 
21. PUMP DOWN -- This process is identical to Process 2 except that 
both manifolds and all AFCs are opened. 
a. Vacuum and Time settings are those selected for Process 2. 
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b. Vacuum solenoid and throttle valve are opened and remain so 
at end of process. AFCs are initially opened and then 
closed at end of process. Gas manifolds are opened and 
remain open at end of process. 
c. Ballast is not affected. 
22. PURGE -- This process is identical to Process 12 except that all 
AFCs are initially closed and vacuum is turned on. 
a. Ar Flow and Time settings are those selected for Process 
• 
#22. 
b. All AFCs are initially closed, then Ar AFC (with associated 
NUPRO) is opened to set flow; when process ends all AFCs are 
closed. Vacuum solenoid and throttle valve are opened and 
remain so at end of process. 
c. Ballast gas and gas manifolds are not affected. 
23 - 98. DUMMY PROCESSES -- These do nothing and can be freely 
interspersed with processes above, effectively allowing user 
to insert or delete processes without reprogra11111ing an 
entire sequence. 
99. DUMMY PROCESS -- This does nothing during an Automatic Run but is 
used in Set Up Auto to end the sequencing procedure. 
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